A simple carbon dioxide injection system has been developed for the maintenance of CO concentrations in semiclosed cuvette systems suitable for photosynthesis and gaseous pollutant studies. The device injects small volumes of pure carbon dioxide into the cuvette in response to a signal from an infrared gas analyzer.
The output from the Liston-Becker 15A IRGA was not immediately adaptable to the available relays. The amplification circuit shown allows the IRGA output to be modified so that it is capable of triggering relay B. In employing this system, the amount of CO2 injected in each burst could be varied by either increasing the pressure of gas or the size of the injection tube. We found that for our work the 32 mm X 1.6 mm injection tube was satisfactory. This allowed for injections sized from 1.5 to 85 ,umoles of CO2 by varying the pressure from 0.25 to 5.0 p.s.i. (Fig. 2) . The cycling time per injection was 15 sec. This meant that photosynthetic rates between 0.060 and 20.400 mmoles of CO2/hr could easily be measured. This also allowed each individual run to last from minutes to several hours because, unlike many continual flow systems (1, 2, 6), the quantity of gas introduced was identical to the amount of CO2 taken up by the plant.
The size of the injection should be adjusted at the beginning of a run to the smallest injection volume that will compensate for the photosynthetic rate of the plant within the limits of the response time of the system. This permits a larger number of injections per unit time and, therefore, reduces error associated with machine variations and electronic drift. When the system is set for the smallest sized injection, the actual concentration within the cuvette will vary the least. In our system, an injection size of 20.8 ymoles allowed uptake measurements of up to 3.744 mmoles/hr. By installing the injection system just the ambient concentration of CO2 in the cuvette can also be adjusted anywhere within the range of the two CO, concentrations for which an IRGA is calibrated for a given experiment by changing the setting of the variable resistor R. This changes the output amperage which effects activation of the injection system. This system, therefore, allows assimilation rates to be measured quickly and accurately over a broad range of ambient CO2 concentrations should the need arise.
In our system, the injection of the CO2 just prior to the entry point of the gas analyzer ensured that very small injections of CO2 would produce an IRGA output of sufficient magnitude to recycle the injection system. It also could be used for immediate detection of leaky solenoids or inconsistent injection size. The IRGA output as plotted on a recorder, appears as a succession of peaks, each representing an injection. Alternately, the output can be recorded by putting an event marker in series with one of the relays in the system. However, when the results are graphed, the defects described above are more apparent, and changes in the photosynthetic rate are more immediately evident, appearing as variable spacing between the peaks. Table I shows the results of 10 consecutive 0.5-hr assays of photosynthesis by a branch of Populus deltoides and demonstrates the consistency and accuracy of the injection system. In the above experiment, 28.89 ml of 100% CO2 were added per 0.5 hr to maintain the CO2 concentration at 325 pl/l. The 02 produced by photosynthesis resulted in a calculated 0.22% increase in the 02 concentration within the chamber. This change in 02 concentration should be taken into account when designing experiments where small changes in 0°concentration are of significance. In gas-tight systems, provisions must be made for the release of any pressure build-up as a result of net 02 production (2), or when C02-air mixtures are employed to reduce the amount of CO2 injected into systems of smaller volume.
The merits of the system described here are that it is easily and cheaply constructed. All electronic components are commonly available and their tolerance requirements are not critical. The amplification-injection system, though simple, has a high degree and range of flexibility and should prove valuable for other applications where the use of a semiclosed system is deemed necessary.
